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ABSTRACT 


This  report  describes  the  progress  made  during  the  period  October  1976 
to  June  1977  in  analyzing  experimental  burn  data  collected  at  the  U.  S.  Army 
Aeromedical  Research  Laboratory  from  June  1972  to  January  1973.  Dtiring  this  ; 

period,  October  1976  to  June  1977,  additional  burn  data  from  experiments  con- 
ducted at  the  University  of  Rochester  were  obtained,  reread  and  are  ready  to  be 
added  to  the  data  base.  Burn  depths  corrected  for  shrinkage  can  be  46%  deeper 
in  dermal  burns.  Thermal  data  (e.g.  heat  flux)  recorded  on  FM  tape  during 
the  experiments  at  USAARL  was  redigitized  in  preparation  for  calculation  of 
thermal  input  to  the  skin.  The  effect  of  ambient  temperature  on  pig  skin  tempera- 
ture was  studied  to  see  if  skin  temperatures  could  be  calculated  knowing  ambient 
temperature.  The  effects  of  anesthesia  and  humidity  on  this  relationship  have 
yet  to  be  included.  Refinement  of  a preliminary  empirical  model  awaits  the  heat 
flux  data  now  resident  on  the  digital  tapes.  Sections  of  an  analytical  model  em- 
ploying Crank-Nicholson  differencing  techniques  are  runnable  on  computers  using 
FORTRAN  IV.  Further  development  of  the  analytical  model  awaits  the  finalization 
of  the  bum  data  base. 
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INTRODUCTION 


This  report  covers  the  period  1 October  1976  through  14  June  1977.  A 
complete  description  of  the  project  can  be  found  in  the  first  annual  report 
covering  the  period  1 July  1975  through  30  September  1976* . The  general  working 
hypothesis  of  the  project  can  be  summarized  briefly  as  follows: 

It  should  be  possible  to  define  the  cause  and  e^ect  relationships  between 
exposure  of  skin  to  an  excessive  thermal  environment  and  the  resulting  tissue 
damage  by  analyzing  experimental  exposures  of  pig  skin  to  a well-controlled 
JP-4  fuel  fire  and  recording  furnace  wall  temperature,  heat  flux  as  a function  of 
time,  exposure  time,  skin  condition,  initial  skin  temperatxire,  water  content  of  the 
skin  as  a function  of  depth,  bum  damage  on  gross  and  microscopic  scales,  and 
the  ejects  of  protecting  the  skin  by  fabrics.  The  analysis  of  these  experimental 
data  should  allow  the  development  of  an  empirical  or  "black  box"  model  describing 
the  relationship  between  the  thermal  environment  and  tissue  damage.  The  under- 
standing that  this  empirical  model  imparts  should  make  possible  development  of 
a reasonable  analytical  model  for  the  fire-fabric-skin  system. 

Extensive  experiments  were  carried  out  during  1972  at  the  U.  S.  Army 
Aeromedical  Research  Laboratory.  In  these  experiments,  95  anesthetized  pigs 
were  exposed  to  a well- controlled  JP-4  fuel  fire,  and  the  above  mentioned  observa- 
tions recorded.  The  purpose  of  the  present  project  is  to  analyze  the  data  collected 
during  those  experiments  and  to  develop  both  an  empirical  and  an  analytical  model 
describing  the  response  of  skin,  whether  protected  or  unprotected  by  fabrics, 
to  a severe  thermal  environment,  e.g.  a simulated  post-crash  fire.  The  primary 
accomplishments  of  the  first  year  were  (1)  to  organize  the  data,  (2)  to  attempt 
to  ascertain  the  validity  and  consistency  of  the  experimental  observations,  (3) 
to  make  certain  corrections  for  known  experimental  error,  and  (4)  to  extend  the 
data  base  to  include  measurements  of  the  depth  of  damage  in  such  a way  that 
corrections  could  be  made  for  shrinkage  or  swelling  of  the  tissue  subsequent  to 
the  initial  thermal  injury.  Another  accomplishment  was  to  present  the  data  base 
graphically  as  a way  of  dramatizing  the  cause  and  effect  relationships  which  might 
exist  between  or  among  variables.  The  final  accomplishment  was  to  develop  a 
preliminary  empirical  (multiple  discriminant)  model.  The  technical  objectives  were 
generally  met  during  the  first  year  although  as  the  accomplishments  presented  in 
more  detail  in  the  first  annual  report  show  model  development  was  hampered  by 
not  being  able  to  finalize  the  data  base  upon  which  to  build  the  model.  This 
second  annual  report  summarizes  the  continued  progress  made  since  30  September 
1976.  Before  moving  to  a discussion  of  the  technical  objectives  for  Phase  II,  a 
discussion  of  the  problems  arising  out  of  Phase  I will  be  presented. 


UNRESOLVED  PROBLEMS  FROM  PHASE  I 

It  is  clear  from  experiments  conducted  at  Rochester*  that  initial  skin  surface 
temperature  is  important  in  determining  burn  depth.  In  the  USAARL  study,  pigs 
burned  prior  to  9/5/72  (i.e.  about  one  half  the  pigs)  did  not  have  their  skin 
temperatures  measured  at  the  time  of  exposure  to  the  fire.  Subsequent  to  9/5/72 
all  skin  surface  temperatures  were  measured  with  a copper-constantan  ribbon 
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thermocouple.  The  skin  temperatures  listed  in  the  data  base  for  the  pigs  burned 
during  the  summer  of  1972  were  extrapolated  from  a plot  of  ambient  temperature 
vs.  measured  skin  temperature  using  the  data  collected  from  September  5 to 
September  8,  1972.  Unfortunately,  only  early  a.m.  and  p.m.  ambient  temperatures 
were  available  to  construct  this  graph.  An  analysis  of  this  extrapolation  procedure 
depended  upon  obtaining  hourly  temperatures  and  humidities  from  Cairns  Army 
Airfield  Weather  Station,  Fort  Rucker,  Alabama.  The  data  were  unavailable  at 
Cairns  Army  Airfield  but  were  finally  found  to  be  resident  on  microfiche  at  the 
United  States  Department  of  Commerce,  National  Oceanic  ^lnd  Atmospheric  Adminis- 
tration, Environmental  Data  Service,  National  Climatic  Center,  Nashville,  North 
Carolina.  Complete  hourly  weather  reports  on  microfiche  were  obtained  for  Cairns 
Army  Airfield  for  the  period  July,  1972  through  January,  1973.  From  these  records 
the  hourly  temperatures  and  humidities  were  extracted  for  those  days  on  which 
experiments  were  conducted.  From  this  list  of  hourly  temperatures,  a linear 
regression  analysis  was  run  between  those  temperatures  recorded  at  Cairns  and 
the  early  a.m.  and  p.m.  temperatures  recorded  at  the  USAARL  vivarium.  Figure 
1 shows  a plot  of  the  USAARL  temperatures  vs . the  temperatures  recorded  at  Cairns 
Army  Airfield  at  approximately  the  same  time.  Table  I shows  the  results  of  the 
linear  regression  walysis  with  a correlation  coefficeint  (R)  of  .90.  The  linear 
regression  equation  shows  that  temperatures  at  USAARL  were  slightly  higher,  on 
the  average,  them  the  temperatures  at  Cairns  Army  Airfield. 

Considering  the  location  of  the  vivarium  and  the  terrain  between  Cairns  Army 
Airfield  and  the  USAARL  burn  facility,  it  is  reasonable  to  expect  that  the  tempera- 
tures at  USAARL  would  be  slightly  higher  on  the  average.  Consider,  for  instance, 
the  fact  that  the  vivarium  is  placed  between  two  buildings,  which  would  attenuate 
any  wind  while  Cairns  Field,  which  is  on  relatively  higher  and  more  open  terrain, 
would  have  quite  different  air  mixing  characteristics.  The  initial  plan  was  to  use 
this  regression  equation  (y  = -6.9565  + 1.1435X)  to  calculate  the  environmental 
temperatures  at  the  lab  at  hours  other  than  those  recorded  at  the  lab.  Having 
thus  obtained  hourly  temperatures,  albeit  calculated,  at  the  laboratory  site,  we 
next  proposed  to  investigate  the  relationship  between  the  environmental  temperature 
and  the  measured  skin  temperatures  of  the  pigs . Using  just  the  temperatures , the 
data,  as  seen  in  Figure  2,  seems  to  indicate  a much  more  complex  relationship 
between  environmental  temperature  and  skin  temperatiire  than  that  proposed  by 
Dr . Lum  in  the  original  extrapolation* . 

The  investigation  into  possible  underlying  mechanisms  which  could  account 
for  the  dispersion  of  the  data  continues . At  this  time  it  is  too  early  to  say  whether 
the  relationship  between  environmental  temperature  and  skin  temperature  can  be 
adequately  defined.  It  will  most  probably  be  nonlinear.  One  approach  would  be 
to  subject  the  data  to  multiple  regression  analysis  including  the  humidity,  and 
possibly  wind  velocity,  as  additional  factors.  The  pigs  would  be  expected  to 
adopt  various  thermo-regulatory  strategies  depending  on  environmental  factors  such 
as  temperature,  humidity,  and  wind  velocity.  The  fact  that  these  pigs  were  under 
halothane  anesthesia  may  have  altered  their  normal  response.  As  shown  in 
earlier  work  at  Rochester* , the  use  of  an  anesthetic  (chlorpromazine  plus  Dial 
in  Urea-urethane)  tends  to  allow  skin  temperature  to  fall  in  a cool  room. 

Investigation  of  the  problem  of  predicting  skin  temperatures  in  anesthetized 
pigs  when  given  environmental  temperatures  and  humidities  has  begun  and  will 
include  consideration  of  all  possible  physiological  thermo-regulatory  mechanisms. 
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This  investigation  will  continue  but  it  is  too  early  to  tell  whether  the  final  result 
will  be  a more  adequate  formula  for  predicting  the  skin  temperatures  of  the  pigs 
burned  prior  to  September  5 or  whether  it  will  be  impossible  to  predict  their 
skin  temperatures  with  any  degree  of  accuracy. 

Another  problem  which  was  held  over  from  Phase  I revolves  around  the 
original  digitized  records  which  were  found  to  be  inadequate  for  further  analysis . 

This  inadequacy  necessitated  our  redigitizing  the  entire  experimental  record . 

This  redigitization  was  accomplished  at  Fort  Rucker  during  February,  1977.  The 
process  of  writing  programs  to  access  the  data,  to  strip  out  the  pertinent  data 
from  the  total  record  and  convert  that  data  to  appropriate  engineering  units  is 
under  way . The  new  temperatures  and  heat  fluxes  resulting  from  this  process 
will  be  incorporated  into  the  statistical  (empirical)  model  begun  last  year.  In 
addition  to  data  recorded  during  the  exposure  of  the  pigs,  there  are  also  data  on 
these  tapes  concerning  the  response  of  the  Aerotherm  and  Fabric  Research  Lab 
sensors . These  data  will  be  accessible  as  soon  as  the  programs  to  access  the 
data  are  complete  and  will  be  analyzed  when  the  data  base  is  reasonably  free  of 
error . 

The  redigitized  records  are  considerably  cleaner  than  previous  records  as 
shown  by  the  plots  in  Appendix  A. 

The  primary  problem  encountered  in  writing  the  programs  to  access  the  data 
automatically  has  been  that  the  multi-level  calibration  signal  employed  on  a number 
of  the  channels  was  not  consistent  from  channel  to  channel  or  from  tape  to  tape. 

There  were  twelve  voltage  levels  built  into  the  step  sequence  but  not  all  twelve 
are  present  on  each  of  the  records . The  reason  for  this  is  that  in  setting  the  gain 
and  bias  levels  of  the  recordings  to  accommodate  the  output  signals  from  the 
various  sensors , certain  subsets  of  the  calibration  voltages  were  used  at  one  time 
or  another.  The  program,  currently  being  developed,  will  look  at  the  calibration 
voltage  steps  and  check  for  the  ratios  between  the  steps  in  order  to  identify 
which  steps  are  present  on  that  record.  Having  identified  the  steps,  it  should  be 
a relatively  simple  matter  to  extract  the  appropriate  calibration  voltage  from  a 
table . 

An  additional  problem  encountered  was  that  the  supplemental  calibration 
signals  on  the  tapes  (which  were  introduced  from  a battery  operated  four-step  voltage 
source)  were  not  employed  consistently  and  often  during  the  experimentation.  For 
instance,  these  records  often  appear  at  the  end  of  the  tape  rather  than  at  the 
beginning , and  there  appear  to  be  some  changes  in  the  voltage  level  over  time 
during  the  experiments.  Finally,  the  four-step  battery  operated  calibrator  was 
not  itself  calibrated  sufficiently  often  to  give  one  confidence  in  most  of  the  voltage 
levels . The  data  on  the  channel  connected  to  the  HyCal  Asymtotic  Calorimeter 
appear  to  be  unusable,  since  for  electrical  reasons,  only  calibration  voltages  from 
the  battery  operated  calibrator  were  introduced  on  the  HyCal  Calorimeter  channel. 

For  the  present,  the  data  from  the  other  channels  will  be  retrieved  using  the 
automatic  step  calibration  source  and  the  HyCal  Calorimeter  data  will  be  ignored. 

In  those  experiments  conducted  prior  to  9/5/72  in  which  heat  flux  was 
recorded  using  the  HyCal  Calorimeter  and  wall  temperature  of  the  furnace  was 
recorded  using  a Chromel-Alumel  Thermocouple,  the  written  records  of  heat  flux 
can  be  cross-checked  using  a correlation  between  wall  temperature  and  the  heat 
flux  from  the  slug  calorimeter.  This  correlation  will  be  calculated  from  data 
obtained  after  9/5/72  2uid  then  heat  fluxes  will  be  back-calculated  for  the  earlier 
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experiments  based  on  recorded  wall  temperatures. 

In  summary,  there  remains  work  to  be  done  to  bring  the  data  base  to  a 
usable  state.  This  includes  1)  better  skin  temperatures  for  the  early  pigs;  2) 
better  heat  flux  data  from  the  digitized  tapes;  3)  inclusion  of  additional  water 
profile  data;  and  4)  detection  and  elimination  of  erroneous  values. 

What  follows  will  be  a discussion  of  the  work  proceeding  in  Phase  II  to 
meet  Phase  II  objectives.  The  reader  will  notice,  however,  that  there  is  consider- 
able overlap  between  the  development  which  began  in  Phase  I and  is  being  continued 
in  Phase  II. 


PHASE  n TECHNICAL  OBJECTIVE 


Test  empirical  model  (Phase  I)  and  develop  an  analytical  model  to  predict 
burn  damage. 

1)  Obtain  raw  data  from  Rochester  study  and  hopefully  correct  them  for 
shrinkage . 

2)  Test  empirical  model  against  this  data  base. 

3)  Further  optimize  model  to  obtain  best  performance  against  USAARL  and 
Rochester  data  basis . 

4)  F.esult  - Draft  paper  describing  final  empirical  model  and  submit  for 
critique  to  project  monitors  and  other  workers  from  whom  constructive 
criticism  might  be  expected;  revise  draft  and  consider  submission  for 
publication . 

5)  Re-evaluate  in  parallel  in  1-4  above  the  analytical  models  of  Stoll***, 
Mehta  and  Wong®,  Morse  et  al  (AEROTHERM)*  and  Takata^  , as  to  the 
assumptions  made  and  the  algorithms  used. 

6)  Establish  design  criteria  for  an  analytical  model. 

7)  Review  all  data  necessary  for  input  to  the  model,  e.g.  skin  absorptivity, 
diffusivity,  conductivity,  etc.  to  ascertain  the  underlying  distributions 
and  the  95%  confidence  limits  associated  with  each. 

8)  Implement  the  model  at  L.S.U.  and  Louisiana  Tech  for  initial  development 
and  de-bugging  followed  by  further  development  on  USAARL's  computer. 

9)  Result  - A preliminary  analytical  model  which  pred  cts  burn  damage 
from  heat  flux. 
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Rochester  Data.  In  early  November,  Dr.  Knox  held  meetings  with  Dr.  Charles 
Yuile,  Dr.  Hinshaw,  Dr.  Kingsley,  Dr.  Bale,  Dr.  Adolph,  and  Mrs.  Doris  Nash, 
in  Rochester,  New  York.  The  purpose  of  these  meetings  was  to  discuss  the 
extensive  set  of  experiments  conducted  at  the  University  of  Rochester  in  the  1950 's 
and  early  1960's  on  the  effect  of  radicint  energy  on  pig  skin.  Dr.  Charles  Yuile, 
now  a consultant  on  this  project  and  consulting  pathologist  at  the  University  of 
Rochester,  acted  as  host  and  guide.  He  had  previously  confirmed  by  phone  that 
all  of  the  biopsy  slides  from  this  project  had  been  destroyed.  However,  it  was 
further  established,  by  Dr.  Yuile,  that  the  original  tissue  blocks  were  available 
and  in  storage.  During  the  meetings  it  became  apparent  that  the  identification  of 
the  tissue  blocks  was  going  to  be  difficult,  but  that  some  390-450  blocks  could  be 
identified  with  a pig  number  and  an  experiment  and  that  the  results  of  the  experi- 
ments had  been  recorded  in  two  University  of  Rochester  reports,  UR-338*  and 
UR-553*  . University  of  Rochester  Report  338  entitled  "Studies  of  Flash  Burns: 

The  Influence  of  Skin  Temperature  in  the  Production  of  Cutaneous  Burns  in  Swine" 
is  represented  by  the  bulk  of  the  biopsy  material,  while  University  of  Rochester 
Report  553  entitled  "A  Theoretical  and  Experimental  Investigation  of  Temperatiire 
Response  of  Pig  Skin  Exposed  to  Thermal  Radiation"  is  represented  by  a relatively 
small  number  of  biopsy  specimens.  However,  the  latter  report,  which  constituted 
the  major  portion  of  Thomas  P.  Davis'  Ph.D.  thesis,  includes  pigs  which  had 
silver-palladium  thermocouples  implanted  in  the  skin  so  direct  measurements  of 
skin  temperature  could  be  made.  Fortunately  this  biopsy  material  was  in  relatively 
good  condition  and  was  collected  towards  the  end  of  the  Rochester  study  so  that 
the  experimental  methods  were  well  in  hand.  Further,  the  particular  experiments 
on  the  influence  of  skin  temperature  in  the  production  of  burns  and  the  temperature 
response  of  skin  are  important  for  the  present  study. 

At  Dr.  Knox's  request.  Dr.  Yuile  had  the  biopsy  specimens  re-imbedded  and 
sectioned  and  has  subsequently  graded  each  of  the  over  400  specimens  in  a manner 
consistent  with  the  re-grading  of  the  material  collected  at  USAARL.  In  addition, 
he  has  graded  some  127  specimens  from  the  USAARL  data  base  as  a way  of  checking 
the  consistency  of  his  grading  procedure  against  the  grading  procedures  carried 
out  by  Drs.  McCormick  and  Duffy.  Moreover,  Dr.  Yuile  has  made  some  observations 
concerning  the  variability  of  burns  and  these  observations  will  be  expanded  into 
a short  technical  report  later  this  summer.  All  in  all,  some  400  or  more  burns 
from  the  Rochester  stady  in  which  a carbon  arc-clamp  was  employed  as  the  radiation 
source  are  ready  to  be  added  to  the  data  base.  Any  observed  di&erences  in  the  burns 
resulting  from  the  use  of  a pure  radiation  source  as  opposed  to  a fuel  fire  will 
be  important  in  developing  the  equations  coupling  the  thermal  environment  to  the 
skin  in  the  analytical  model,  which  is  under  development. 

Empirical  Model.  The  development  of  the  empirical  model  started  in  Phase 
I will  be  expanded  as  soon  as  the  data  on  heat  flux  and  sensor  response  can  be 
recovered  from  the  newly  redigitized  tapes. 

The  empirical  model  will  help  in  detecting  errors  in  the  data  base  as  dis- 
cussed previously*  and  in  establishing  design  criteria  for  a second  generation 
analytical  model.  Three  sources  of  skin  thermal  properties  have  been  obtained*'*'* 
and  a MEDLARS  search  will  be  initiated  shortly.  Accurate  thermal  properties  are 
essential  for  an  analytical  model. 


(11) 


Analytical  Model  Development.  The  analytical  model  developed  at  the  end  of 
Phase  I and  reported  in  the  first  annual  progress  report  is  now  running  on  the 
Louisiana  Tech  computer  facility  and  at  the  L.S.U.  Medical  Center  PDP  11/40  (see 
Appendix  B).  This  program  calculates  in-depth  skin  temperatures  using  the  Crank- 
Nicholson  differencing  method  but  incorporates  only  the  initial  heating  period. 

The  subsequent  cool-off  period,  damage  rate  and  total  damage  calculations  based 
on  a first  order  chemical  reaction  model  have  now  been  added  to  the  Louisiana  Tech 
computer  code  under  CSMP,  an  IBM  simulation  package.  With  some  modification, 
this  computer  code  should  allow  us  to  simulate  the  models  of  Stoll®  Mehta  and 
Wong*  , Morse  et  al*  , and  Takata®  , since  they  are  all  based  on  the  use  of  first 
order  kinetics  to  calculate  damage  from  calculated  in-depth  tissue  temperature. 

The  primary  difference  among  the  models  is  the  selection  of  coefficients  and  expo- 
nents in  the  first  order  damage  calculations.  Shortly  this  model  will  be  converted 
to  run  on  the  PDP  11/40  so  that  the  selection  of  heat  flux,  integration  interval, 
exposure  time,  skin  thermal  characteristics,  and  the  like,  can  be  entered  inter- 
actively via  the  terminal.  Subsequently,  a printer  "plotting"  module  will  be 
added  to  allow  visualization  of  the  tabular  results . This  interactive  package 
will  allow  us  to  more  easily  re-evaluate  the  models  based  on  this  approach. 

Tissue  Shrinkage.  One  working  hypotheses  has  been  that  if  skin  is  subjected 
to  a high  thermal  input  it  will  shrink  and  that  this  shrinkage  distorted  earlier 
measurements  of  burn  depth.  Therefore,  the  biopsy  material  was  reread  and 
depth  measurement  recorded  to  allow  correction  for  this  shrinkage.  The  question 
arises  whether,  in  fact,  there  was  shrinkage.  An  analysis  was  conducted  in  which 
the  ratio  of  corrected  depth  to  uncorrected  depth  was  calculated  for  each  of  the 
16  gross  grade  levels.  These  results,  see  Table  2,  show  that  there  is  slight 
shrinkage  at  the  low  end  of  the  scale  followed  by  slight  swelling  of  the  tissue  at 
moderate  burn  levels  and  fairly  severe  shrinkage,  up  to  46%,  at  high  levels  of 
damage.  Clearly,  the  models  based  on  uncorrected  depth  would  tend  to  under- 
estimate the  depth  of  dermal  damage  by  as  much  as  40-50%.  The  slight  swelling 
seen  in  the  middle  level  burns  is  evident  on  examination  of  the  biopsy  specimens . 

At  this  level  the  tissue  is  damaged  enough  to  result  in  edema,  but  not  so  severely 
damaged  as  to  have  the  tissue  water  boiled  off  or  have  the  microcirculation  in  the 
upper  dermal  appendages  compromised.  Attempts  to  show  that  the  regression  lines 
for  relating  total  flux  and  depth  of  burn  were  improved  by  correcting  the  depths 
indicate  that  although  there  is  only  slight  improvement  at  the  exposure  times  of 
1,  5 and  7 seconds,  the  addition  of  depth  correction  did  not  degrade  the  sensitivity 
of  the  regression  calculation  in  most  cases,  see  Table  3 for  results.  It  would 
appear,  then,  that  while  correction  for  shrinkage  does  not  markedly  improve  the 
scatter  of  the  data,  corrections  may  still  be  necessary  because  of  marked  tissue 
shrinkage  at  the  more  severe  burn  levels.  This  correction  may  be  especially 
important  in  the  analytical  model. 

Sensor  Experiment.  In  late  December,  1972,  sensors  were  exposed  to  the 
furnace,  both  with  and  without  fabric  between  the  sensor  and  the  fire,  in  a 
study  to  determine  their  performance.  At  the  present  time  there  appears  not  to 
have  been  an  FM  tape  recording  made  of  these  data.  Thus,  in  order  to  use  these 
data,  the  stripcharts  will  have  to  be  digitized.  A digitizing  device  using  the  A 
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TABLE  2 


Gross  Grade 

N 

Depth 

Corr.  Depth 

Depth 

1 

5 

67.5 

74.2 

1.10 

2 

5 

97.5 

104.5 

1.07 

3 

4 

78.1 

82.4 

1.06 

4 

1 

37.5 

43.3 

1.15 

5 

7 

355.4 

385.9 

1.09 

6 

21 

67.9 

66.6 

.98 

7 

16 

135.9 

131.1 

.96 

8 

24 

147.9 

144.9 

.98 

9 

129 

320.8 

312.1 

.97 

10 

146 

550.9 

549.5 

1.00 

11 

30 

486.3 

544.9 

1.12 

12 

74 

670.6 

871.3 

1.30 

13 

56 

691.3 

957.4 

1.38 

14 

41 

784.2 

1148.6 

1.46 

15 

67 

901.3 

1180.7 

1.31 

16 

2 

537.5 

754.0 

1.40 

628 


TABLE  3 
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Regression  Analysis  showing  the  effect  of  correcting  the  burn  depth,  e.g.  at  1 second  exposure  the 
"t"  statistic  improved  with  depth  correction  from  5.58  to  6.06. 
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to  D capabilities  of  our  PDP  11/40  is  being  constructed  to  extract  the  data  from 
stripchart  records.  The  calibration  voltages  for  tliis  set  of  data  have  been  located 
and  the  conversion  from  millimeters  to  microvolts  is  known.  These  data  will  be 
extracted  b-om  the  stripchart  records  when  the  digitizer  is  operational . The 
remaining  sensor  data  collected  during  the  course  of  this  study,  are  in  the  digitized 
records  which  can  be  retrieved  as  soon  as  the  data  recovery  programs  are  finished 
but  correlations  with  burn  data  should  be  made  only  when  the  data  base  is  in  its 
final  state. 


WORK  REMAINING  TO  BE  COMPLETED  IN  PHASE  II 

1)  The  data  obtained  from  the  Rochester  study  need  to  be  entered  into  the 
computer  data  file  and  compared  with  comparable  data  from  the  USAARL  study. 

2)  The  heat  fluxes  must  be  extracted  from  the  digitized  data  and  added  to  the 
data  base. 

3}  Corrected  skin  temperatures  must  be  added  to  the  data  base,  if  possible. 

4)  The  analytical  model  currently  running  on  the  Louisiana  Tech  University 
computer  and  the  Department  PDP  11/40  must  be  expanded  and  made  inter- 
active to  facilitate  a re-evaluation  of  the  analytical  models  of  Stoll*  , Mehta 
and  Wong*  , Morse  et  al*  , and  Takata*  . 

5)  The  tissue  water  profile  must  be  recalculated  using  data  collected  late  in 
the  experiments . (A  literature  search  is  being  conducted  at  this  time  to 
provide  additional  information  on  this  topic.) 

6)  The  empirical  model  must  be  re-evaluated  using  the  new  skin  temperatures 
and  heat  fluxes  and  both  the  empirical  and  analytical  models  must  be  optimized 
using  the  Rochester  data  base  as  a test  set. 


SUMMARY  /iND  PROBLEMS 

There  are  a number  of  tasks  being  pursued  in  parallel  at  the  present  time. 
With  the  addition  of  the  data  base  of  water  profile  information,  skin  temperature 
information,  and  heat  flux  information  from  the  digitized  records,  the  remainder 
of  Phase  II  will  proceed  rapidly  to  a conclusion.  The  problem  of  extracting  data 
from  the  digitized  records  appears  to  be  the  most  difficult  and  was  delayed  some 
three  or  four  months  by  a delay  in  contract  funding.  Progress  was  made  during 
the  period  1 October  through  30  January,  primarily  in  the  area  of  obtaining 
pathology  data  from  the  University  of  Rochester  studies.  Since  the  signing  of  the 
contract,  work  has  proceeded  normally.  Accomplishment  of  the  technical  objective 
for  Phase  II  is  expected  by  30  September  1977.  After  a somewhat  slow  start  then, 
the  project  is  on  the  track  and  all  tasks  under  the  Phase  II  objective  should  be  com- 
pleted on  time. 
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APPENDIX  A 

Original  and  Redigitized  Records 
Showing  Improvements 
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APPENDIX  B 


Analytical  Model  - Program  Listings  and  Results. 


1)  JOB  - BI0M034T;  La.  Tech.  Univ.;  Calculation  of  In-Depth  Temperatures 
for  a 3 CAL*CM'**SEC“^  Fire  (150  CAL*CM“®*SEC-^)  With  No  Cooling.  Plot 
of  Temp.  vs.  Depth. 

2)  The  same  program  with  minor  changes  in  skin  pzirameters  as  it  compiled 
and  run  on  the  PDP  11/40. 

3)  J0B-0YYN026T;  La.  Tech  Univ.;  Analytical  Model  Running  Under  CSMP 

including  cooling,  damage  rate  ^ _ and  total  damage  (W)  at  the 

dt 

skin  surface.  Plots  of  1)  Temp,  DW  and  W as  a function  of  time;  2) 

Temp,  as  a function  of  Depth  from  Skin  Surface  at  various  times;  3)  Temp, 
as  a function  of  time  at  various  depths . 
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